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We show that a spinless theory of gravity is also allowed by the kinematics of general relativity.
In the absence of fermions the spinless theory of gravity and the theories in the standard model
of particle physics are the same Yang-Mills theories with different gauge groups. Therefore, every
theorem of a pure Yang-Mills theory is valid for the spinless theory of gravity in vacuum, i.e. it is
unitary and renormalizable to all orders. When fermions are present the spinless theory of gravity
has an extra constraint due to the tetrad postulate. A path integral quantization of this theory and
all the Feynman rules are presented.
1. INTRODUCTION
Gravity is expected to be fundamentally quantized [1–4]. A successful quantization of any theory depends on
whether it is at the same time unitary and renormalizable to all orders of perturbation. General relativity is the
widely accepted theory of gravity at this time. It has been shown that even in the absence of matter it is not
renormalizable. Additional terms can be added to make it renormalizable but at the cost of violating unitarity [5, 6].
In this paper we show that Lorentz gauge theory of gravity (LGT) is a spinless pure Yang-Mills theory of gravity that
at least in the absence of matter is both unitary and renormalizable to all orders of perturbation.
Unification has been the origin of several breakthroughs in physics. Newton’s laws of motion, Maxwell’s equations,
the two theories of relativity, and the standard electroweak theory, are all in favor of the idea that the laws of physics
are everywhere the same and the observed differences are just details. A conclusion that can be drawn is that whenever
different patterns are observed in two theories in physics, one pattern is either wrong or an asymptote of the other.
While the theories in the standard model of particle physics are Yang-Mills, general relativity is not. Although the
two are gauge theories, there are fundamental differences. If Einstein had not finished his general theory of relativity
but the standard model was at its current formulation, how would we develop a theory of gravity that also respects
the general covariance and the equivalence principles? This question has been asked by Feynman [7] and later also by
others [8, 9]. The result has been that the most simple theory that one can build for a spin 2 and massless particle will
be general relativity. Nevertheless, spin 2 and zero mass are the initial assumptions and experiment is the only way
to justify an assumption in physics. Although there is only an experimental upper limit on the mass of gravitons, in
LGT also the mass is assumed zero. Moreover, current observations can not uniquely determine the spin of gravitons.
Gravitons can not be spin 0 because otherwise a coupling between gravity and light will not be possible. Gravitons can
not be spin 1 or we should have seen repulsive forces of gravity in the same length scale as we see the attractive ones.
On the other hand, theories with spin higher than 2 are still being investigated [10–13]. In this paper we show that
if a unifying scheme is followed, i.e. if gravitons are to be represented by the gauge field of a Yang-Mills theory—in
the same way the gauge bosons are represented by the gauge fields in the standard model—spinless gravitons will be
our choice.
A massless Yang-Mills theory is uniquely defined if its gauge group is specified. The equivalence principle suggests
that the gauge group for gravity should have a universal nature, i.e. either the Poincare or the Lorentz groups are our
best options. Interestingly, both of the symmetries are locally preserved in the kinematics of general relativity. For this
reason the same kinematics is assumed in LGT. A thorough description of the kinematics can be found in [14]. The
action of the matter is invariant under arbitrary coordinate transformations in the space-time and also under arbitrary
Lorentz transformations of the spinors in the tangent spaces. The two symmetries are independent and while the
former is associated with conservation of energy-momentum tensor, the latter introduces a conserved Lorentz current
to be derived in section 2. In the same section we show that if the energy-momentum tensor is the source of gravity,
the metric will be dynamical and therefore the spin of gravitons will be 2. On the other hand if the Lorentz current
is the source of gravity, the dynamical variable will be the spin connections and gravitons will be spinless. In the
former case the metric as the dynamical variable is a tensor and not a gauge field of coordinate transformations and
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2therefore general relativity is not Yang-Mills. In the latter case the spin connection as the dynamical variable is not
a tensor but a gauge field of the internal Lorentz transformations and consequently the resulting theory—LGT—will
be Yang-Mills.
In the end we would like to mention that some of the open problems in high energy physics are the direct conse-
quences of the assumption that gravitons are spin 2 and will no longer exist if gravitons are spinless. First, the vacuum
energy must gravitate in a theory with spin 2 graviton. There is however no observation in favor of such gravitational
field [15, 16]. Vacuum energy will not go into the source of a spinless theory and does not gravitate. Second, the
space-time is fundamentally quantized in a spin 2 theory of gravity. But, a quantized time is not consistent with
quantum mechanics [17, 18]. In a spinless theory of gravity time is just a background. Third, the coupling constant
in a spin 2 theory has negative engineering dimension which means that even the first condition for renormalizability
would not be passed [19]. In a spinless theory however the coupling constant is dimensionless.
The structure of this article is as follows. In section 2 the dynamics for a spinless and massless theory of gravity
is set. Section 3 is devoted to a brief review of LGT and some of its applications. In section 4 it is shown that LGT
in the absence of fermions falls exactly under the category of general Yang-Mills theories and every theorem that is
proved to be valid in those theories is also valid in LGT. Notably, the theory is unitary and renormalizable to all
orders. In section 5 it is shown that in the presence of matter LGT has an extra constraint in comparison with the
Yang-Mills theories of the standard model. LGT is subsequently quantized under the extra constraint using the path
integral method. The effective Lagrangian is derived and the Feynman rules are presented. In section 6 a conclusion
is given.
2. THE DYNAMICS OF A MASSLESS SPINLESS THEORY OF GRAVITY
It is well known that conserved currents are uniquely determined by symmetries and if a conserved current is
assumed to be the source in a theory, the dynamics of the theory is also uniquely specified by that assumption. In the
following we first review the subject in known theories and then derive the dynamics of LGT as a massless spinless
theory of gravity.
We start with a SU(N) gauge theory. The system is defined by the following action
S =
∫
ed4x
(
i
2
ψ¯γle µl Dµψ −
i
2
ψ¯ ~Dµγ
le µl ψ
)
, (1)
where eiµ ≡ eˆi · eˆµ is the dot product between the tetrad and unit vectors tangent to space-time coordinates. Here and
in the following the Latin and Greek indices belong to the internal Lorentz space and space-time respectively. Only
the spinor term and the gauge field change under an infinitesimal SU(N) transformation while the tetrad remains
the same δψ = gtaαaψ, δAaµ = Dµα
a, and δeiµ = 0 where t
a are the generators of the SU(N), and αa are arbitrary
parameters. Invariance of the action under a SU(N) transformation induces the conserved current. The change in
the action will be δS = ∂S∂ψ δψ+
∂S
∂Aaµ
δAaµ. The firs term however will be zero by the spinor field equations. Therefore,
δS =
∫
ed4x∂LM∂Aaµ Dµα
a. After neglecting the surface terms it reads δS = − ∫ ed4xDµ ∂LM∂Aaµ αa = 0. So, Dµ ∂LM∂Aaµ = 0,
and the conserved current is simply
Jaµ =
∂LM
∂Aaµ
. (2)
If this current is the source in a theory, the matter Lagrangian should be varied with respect to Aaµ in order to derive
the same current. Therefore, Aaµ is the dynamical variable of the theory.
Although the previous example looked trivial, it does not in theories based on space-time symmetries. The action is
again given by equation (1)—with different definition for covariant derivatives—and is invariant under general coor-
dinate transformation and Lorentz transformations in the tangent spaces [14]. The dual local symmetries means that
any object can be dual classified. For example, the metric is a second-rank tensor under coordinate transformations
but a scalar under internal Lorentz transformations while the spin connection is a vector under the former and a gaug
field, not a tensor, under the latter [14]. A tetrad eiµ—more accurately it is the dot product of the tetrad with the
coordinate frame—is a vector in both spaces and can be decomposed using the equivalence principle that guarantees
a unique—up to a global transformation—free falling frame, i.e. a unique set of four orthogonal unit vectors, at each
point of the space-time. It can be easily shown that the tetrad can be written as
eiµ = η
m¯n¯em¯ien¯µ, (3)
where a bar refers to the unique free falling frame, en¯µ are the components of the unique frame in an arbitrary
coordinate frame, and em¯i are the components of the unique frame in an arbitrary internal Lorentz frame.
3To derive the conservation of energy-momentum tensor and also the dynamics of a theory in which energy-
momentum tensor is the source, we study the invariance of the action under xµ
′
= xµ + ζµ∫
e′d4x′L′M
(
x′
)
=
∫
ed4x
(
δLM
δemα
δemα + ∂µLMζµ
)
, (4)
where the volume element is invariant itself, a variation with respect to the spinor field is dropped by its field equation,
the spin connection Aijµ is written in terms of the tetrad using the tetrad postulate, and the variation in the tetrad is
in a single location δemα ≡ e′mα(x)− emα(x) = e′mα(x′)− emα(x)− ∂µemαζµ = −emµ∂αζµ − ∂µemαζµ. After defining
tmα ≡ δLMδemα , a substitution reads
∫
ed4x
(
1
e∂α
(
etmαemµ
)− ∂µemαtmα + ∂µLM) ζµ = 0. For a symmetric tαλ and
using the fact that ∂µδ
λ
α = ∂µ
(
eiλeiα
)
= 0 and ∂µg
αλ = −Γαµβgβλ−Γλµβgαβ and also using the arbitrariness of ζµ one
can conclude the conservation of the energy-momentum tensor
DαT
α
µ ≡ Dα
(
tαµ + g
α
µLM
)
= 0, (5)
where Dα is interchangeable with the pseudo-Riemannian covariant derivative ∇α when it is acting on a scalar of
the internal Lorentz frame. It is now easy to show that if the energy-momentum tensor is the source in a theory,
as in general relativity, the dynamical variable will be en¯µ in equation (3). On the other hand, if the action is
varied with respect to em¯i, the energy-momentum tensor will not be obtained because the metric can be written as
gµν = η
m¯n¯em¯µen¯ν and is not a function of em¯i—it also shows that the metric is a scalar of the Lorentz space—and
therefore
δgµν
δem¯i
= 0,
δΓαµβ
δem¯i
= 0,
δ
√−g
δem¯i
= 0,
δe
δem¯i
= 0. (6)
Consequently, LMδe/δem¯i will no longer lead to the second term in the energy-momentum tensor.
Finally, we would like to derive the conserved Lorentz current through the invariance under internal Lorentz
transformations
δS =
∫
ed4x
δLM
δAijµ
δAijµ = 0, (7)
where a variation in the spinor field is dropped again by means of the field equations, and the tetrad is written in
terms of the spin connection using the tetrad postulate. Under an internal Lorentz transformation the spin connection
changes as
δAijµ = Dµωij , (8)
and since ωij is arbitrary, the Lorentz current J
ijµ = δLM/δAijµ is conserved DµJ ijµ = 0. If we assume that this
current is the source of a theory, one can easily show that em¯µ in equation (3) is not dynamical. This can be realized
by a deeper look at the tetrad postulate
∂µeiν − Γρµνeiρ −Aijµejν = 0. (9)
A general variation in the spin connection therefore can be written as
δAijµ = δ1Aijµ + δ2Aijµ = Dµ
(
e νj δ1eiν
)
− δ1Γρµνeiρ +Dµ
(
e νj δ2eiν
)
, (10)
where δ1 ≡ δ/δem¯µ and δ2 ≡ δ/δem¯i, and equation (6) is used. Comparing with equation (8), it is clear that if
the Lorentz current is assumed to be the source in a theory, as in LGT, one has to vary the action with respect to
em¯i. On the other, because of δ1Γ
ρ
µν a variation with respect to em¯µ leads to something different than the conserved
Lorentz current—in contradiction with our initial assumption. Consequently, equation (6) implies that the metric
and its determinant and the Christoffel symbols are all background fields under the dynamics of LGT. This in the
path integral language means that the three mentioned variables remain the same on every path that the dynamical
variable of the theory Aijµ takes. This feature is exactly the same as in the Yang-Mills theories of the standard model
of particle physics and as will be shown in the following sections will enable us to show that every theorem that is
proven for general Yang-Mills theories is also valid in the vacuum version of LGT. Since the dynamical variable is the
gauge field and not a tensor of the internal Lorentz group, it is spinless. However, its existence is the reason that spin
of other particles is locally preserved.
43. A REVIEW OF LORENTZ GAUGE THEORY
The construction starts with the action for matter in equation (1). It is invariant under two independent transfor-
mations. The changes under general covariance are
ψ′(x′) = ψ(x), e′iµ(x
′) =
∂xν
∂xµ′
eiν(x), A
′
ijµ(x
′) =
∂xν
∂xµ′
Aijν(x), (11)
while the changes under internal Lorentz transformations are
ψ′(x) = Λ 1
2
ψ(x), e′iµ(x) = Λ
j
i ejµ(x), A
′
ijµ(x) = Λ
m
i Λ
n
j Amnµ(x) + ∂µΛ
m
i Λ
n
j ηmn, (12)
where
Λ 1
2
= e
g
2S
mnωmn ,
Λ ji =
(
e
g
2 J
mnωmn
) j
i
, (13)
and Smn are the generators of the Lorentz group in the spinor representation and in terms of the Dirac matrices can
be written as Smn = 14 [γ
m, γn] and (Jmn)ij = δ
m
i δ
n
j − δmj δni are the generators of the Lorentz group in the vector
representation. The Lie algebra reads
[Jmn,J ij ] = ηniJmj + ηmjJ ni − ηnjJmi − ηmiJ nj , (14)
with J is the generator of the Lorentz group in any representation. The covariant derivative is defined to locally
preserve both of the symmetries
Dµψ = ∂µψ − g
2
AmnµS
mnψ, (15)
DµA
β1···βl
α1···αk = ∇µAβ1···βlα1···αk , (16)
with ∇ being the covariant derivative in a pseudo-Riemannian space-time. The covariant derivative in the tensor
representation of the Lorentz group can be found by applying the derivative on an arbitrary Lorentz tensor like
ψ¯γmψ, the product rule, the derivative in the spinor representation, and finally the following
[γi, Smn] = ηimγn − ηinγm. (17)
An important example would be
Dµωmn = ∂µωmn − gA km µωkn − gA kn µωmk. (18)
Another important concept in this kinematics is the tetrad postulate
Dµeiν = ∂µeiν − Γρµνeiρ − gA ji µejν = 0, (19)
which can be derived by the fact that the partial derivative of the tetrad in a free falling frame is zero. In this frame
the coordinate and the Lorentz unit vectors coincide. An arbitrary coordinate and an arbitrary internal Lorentz
transformation from the free falling frame results in the equation above.
So far the kinematics of general relativity—with fermions included—is reviewed. More detailes can be found in
[14]. The same kinematics is kept for LGT. The difference between the two theories is the assumption regarding
the spin of the gravitons or equivalently the source of gravity. As was discussed in section 2, our kinematics allows
two assumptions of spin 2 or spinless and the latter is the choice for LGT. Under this assumption the gravitons
will be represented by gauge fields rather than tensors and the theory is Yang-Mills. Therefore, from the unification
perspective a spinless theory of gravity is better than a theory based on spin 2 assumption.
Lorentz gauge theory is defined by [20]
S =
∫
ed4x
[
LLGT + LM + LC
]
. (20)
Here the Lagrangian for matter is given in equation (1) and the Lagrangian for the Lorentz guage field is given by
LLGT = −1
4
FµνijF
µνij , (21)
5where Fµνij is the strength tensor of the internal Lorentz space and can be converted to the Riemann curvature tensor
through
Rµνρσ = e
i
ρe
j
σFµνij . (22)
It is important to note that the Lagrangian above is a 2nd derivative rather than a higher derivative term since the
dynamical variable is the spin connection rather than the metric.
Since the tetrad and the spin connection are dependent through the tetrad postulate, either the tetrad should be
expressed in terms of the gauge field or the constraint should be inserted to the action by means of the Lagrange
multiplier method. This is the last term in the action of LGT and is given by
LC = SµνmDµemν , (23)
in which the tetrad postulate Dµemν = 0 is coupled to the multiplier.
Variation of the action with respect to the Lagrange multiplier leads to the tetrad postulate again. A variation
with respect to the gauge field yields
DνF
µνmn = Jmnµ,
Jmnµ = − δLM
δAmnµ
+ Sµν[men]ν . (24)
On the other hand, a constraint equation will be achieved when the action is varied with respect to the tetrad
δLM
δemν
−DµSµνm = 0. (25)
We would like to emphasize that δemν is in fact η
m¯n¯en¯µδem¯i in accordance with the arguments in section 2.
One can now solve the latter constraint equation to find Sµνm and substitute that in the former equation to find the
whole Lorentz current. Inserting Sµνi = e µj ξ
iδLM/δejν , into the constraint equation leads to a subsequent equation
e µj
δLM
δejν
(
Dµξ
i − eiµ
)
' 0. This equation implies that Dµξi = eiµ but only inside matter where δLM/δejν is not zero.
This equation should be valid for any matter distribution including a single particle. The solution for an observer
sitting at “the center of the particle” is
ξi(x) =
{
ηiα(x
α −Xα) x < δ,
ξi
+
x ≥ δ, (26)
where δ is interpreted as the radius of the particle, X refers to the center of the particle, and ξi
+
is always multiplied
by a zero. It only takes a transformation to find the solution in any other frame. In majority of classical systems∑
particles〈 δLMδAmnµ 〉 = 0. Moreover, since δ is of the “size” of particles, it can be integrated out of equation (24) in
macroscopic problems. It has been shown that the averaged source takes the following form [21]
J˜µij = 4piG
(
DjTµi −DiTµj
)
, (27)
where
G =
gδ2
40pi
, (28)
is Newton’s gravitational constant. This is very similar to when the W boson’s mass is integrated out of the electroweak
theory and the Fermi constant GF =
√
2g2W
8M2W
emerges. Both of the effective coupling constants are the dimensionless
coupling constants of the underlying theory divided by the square of a large mass.
The effective field equations can be written in terms of the space-time quantities if it is multiplied by two tetrads
∇νRµνρσ = 4piG
(∇σTµρ −∇ρTµσ) . (29)
This equation can be compared with general relativity if it is multiplied by gµρ
∇νRνσ = 4piG∇σT, (30)
which, except a sign difference, is equivalent with the divergence of Einstein equation. The sign difference originates
from the fact that the dynamical variable in LGT is proportional with a derivative of the dynamical variable in
GR and maintains appropriate boundary conditions. This equivalence guarantees that LGT and GR have the same
solutions to highly symmetric vacuums like the Schwarzschild and the de Sitter space-times [20].
64. QUANTIZATION OF LGT IN THE ABSENCE OF FERMIONS
In this section we would like to show that in the absence of matter the only difference between LGT and the
Yang-Mills theories of the standard model of particle physics is their different gauge groups. Consequently, every
theorem that is proved for general Yang-Mills theories is also valid for LGT in the vacuum, i.e. it is unitary and
renormalizable to all orders.
In a given Yang-Mills theory the matter transforms according to some representation of a non-abelian Lie group
ψ′(x) = egt
aαaψ(x), where g is a constant, a runs over the dimmension of the group, αa are independent real
parameters, and ta are generators of the Lie group. From equation (12) it can be concluded that in LGT
ta =
(
S01, S02, S03, S12, S13, S23
)
, αa = (ω01, ω02, ω03, ω12, ω13, ω23) . (31)
In Yang-Mills theories the generators satisfy the Lie algebra [ta, tb] = fabctc, where fabc are the structure constants.
For LGT these are determined by equation (14)
f310 = f420 = −1, , f031 = f521 = −1, , f042 = f152 = −1,
f013 = f543 = −1, , f024 = f354 = −1, , f125 = f435 = −1, (32)
which are the only independent non-zero ones. It should be noted that the structure constants are anti-symmetric in
the first two indices. In a general Yang-Mills theory the covariant derivative is given by
Dµψ = ∂µψ − gAaµtaψ, (33)
where Aaµ are the gauge fields and are determined for LGT through comparison with equation (15)
Aaµ =
(
A01µ, A02µ, A03µ, A12µ, A13µ, A23µ
)
. (34)
In a given Yang-Mills theory the covariant derivative for a vector in the adjoint representation of the gauge group
reads
Dµα
a = ∂µα
a − gf bcaAbµαc. (35)
One can easily confirm that this and equation (18) are identical. Finally the strength tensor in a general Yang-Mills
theory is defined as
[Dµ, Dν ]ψ = gF
a
µνt
aψ. (36)
It is easy to show that
F aµν =
(
Fµν01, Fµν02, Fµν03, Fµν12, Fµν13, Fµν23
)
. (37)
For a general Yang-Mills theory in the absence of matter the generating functional reads
Z =
∫
Dη¯DηDA e
i
∫
edx
(
− 14FaµνFaµν− 12β ∂µAaµ∂νAaν−η¯a[δab∂2+ ~∂µfcbaAcµ]ηb
)
, (38)
where ηa are Grassmann fields. The fact that the metric, Christoffel symbols, and the determinant of the tetrad e
are background fields is a fundamental difference between a general Yang-Mills theory and general relativity. In LGT
also these are background fields according to section 2—only tetrad is not background in LGT but that only exists in
the fermionic Lagrangian. It is now clear that this general generating functional includes LGT as well as it includes
the theories in the standard model. Therefore, the Feynman rules for LGT in vacuum can be readily read from the
text books on the subject and are listed in appendix A.
Since the dynamics of a Yang-Mills theory is determined by its generating functional, we have shown that LGT is
just one of the possibilities of a general Yang-Mills theory. Therefore, any theorem that is proved for a general Yang-
Mills theory is also valid for vacuum LGT. It has been shown that any Yang-Mills theory posseses a Slavnov-Taylor
identity [22–24]. The unitarity of the S matrix for arbitrary Yang-Mills theories have been proved [22]. Yang-Mills
theories are also proved to be renormalizable to all orders [25]. Therefore, we can conclude that unlike general
relativity that is not renormalizable and unitary at the same time even in the vacuum, LGT is simultaneously unitary
and renormalizable to all orders of perturbation when matter is absent.
75. QUANTIZATION IN THE PRESENCE OF MATTER
In section 2 it was shown that the metric, the Christoffel symbols, and the determinant of the metric—equivalently
the determinant of the tetrad—are background fields under the dynamics of LGT. This was further used in section 4
to show that LGT in the absence of fermions is one of a general Yang-Mills theory that has been ruling the standard
model of particle physics.
When fermions are present, there exists a difference between LGT and the Yang-Mills theories of the standard
model. The tetrad—that is only present in the Lagrangian of fermions—is a background field in the latter but not in
the former. In LGT this dependence is the result of the tetrad postulate which does not exist in any of the previously
studied Yang-Mills theories. Therefore, in the presence of matter we can no longer use the proofs of unitarity and
full renormalizability of arbitrary but unconstrained Yang-Mills theories. The proofs are not possible without first
properly handling the extra constraint and deriving the Feynman rules. In this paper we focus on the latter and will
postpone the former for future works.
The generating functional is
Z =
∫
Dη¯DηDADψ¯Dψ e
i
∫
edx
(
− 14FaµνFaµν− 12β ∂µAaµ∂νAaν−η¯a[δab∂2+ ~∂µfcbaAcµ]ηb+ i2 ψ¯γle˜ µl Dµψ− i2 ψ¯ ~Dµγle˜ µl ψ
)
, (39)
where the tilde on top of the tetrad is to remind us that it is not an independent field but a function of the gauge
field.
To proceed further, the following identity should be inserted in the generating functional above∫
De δ (e− e˜) =
∫
DGδ (G) =
∫
De det
(
δG
δe
)
δ (G) =
∫
DλDe det
(
δG
δe
)
e−iλ
iνGiν = 1, (40)
where Giν = D
µDµeiν = 0. The determinant also can be sent into the exponential using Grassmann variables c
iν .
The generating functional now reads
Z =
∫
Dη¯DηDADψ¯DψDλDeDc¯Dc×
e
i
∫
edx
(
− 14FaµνFaµν− 12β ∂µAaµ∂νAaν−η¯a[δab∂2+ ~∂µfcbaAcµ]ηb+ i2 ψ¯γle µl Dµψ− i2 ψ¯ ~Dµγle µl ψ−λiµD2eiµ−c¯iνD2ciν
)
. (41)
This is the final generating functional for LGT and can be used to read the remaining Feynman rules. These are
listed in appendix B.
6. CONCLUSIONS
The Lagrangian of matter—fermions—is invariant under general covariance and local internal Lorentz transforma-
tions in the spinors. Energy-momentum tensor and the Lorentz current are the two associated conserved currents.
Either of the two can be assumed to be the source of gravity. The latter leads to a spinless theory of gravity while
the former to a spin 2 theory. Although there is yet no experimental measurement of the spin of gravitons, one can
make a decision among the two spin options if gravity and the theories in the standard model of particle physics are
assumed to follow the same principles. The particles in the latter are represented by the gauge fields of Yang-Mills
theories. If this is going to hold in gravity, gravitons should be spinless.
In this paper we have shown that in a spinless theory of gravity, the metric, its determinant, and the Christoffel
symbols are all background fields. Moreover, in the absence of fermions the only difference between this theory and
those in the standard model is that they are Yang-Mills theories of different gauge groups, i.e. they all belong to
a general Yang-Mills theory. Consequently, every theorem of a general pure Yang-Mills theory is also valid for the
spinless theory of gravity in vacuum. The most notable ones are the existence of a Slavnov-Taylor identity that holds
to all orders, unitarity of the S matrix, and full renormalizability.
In the presence of fermions there is a difference between the spinless theory of gravity and the theories in the
standard model. The tetrad that is now present is a background field in the latter but not in the former. This
is because in a theory of gravity the tetrad and the spin connection—the gauge field of the spinless theory—are
dependent through the tetrad postulate. This means the spinless theory of gravity in the presence of matter is still a
general Yang-Mills theory but with one extra constraint.
A path integral quntization of the spinless theory of gravity—LGT—has been carried out as well. All the Feynman
rules including those due to the tetrad postulate have been listed.
8Appendix A: The Feynman Rules for a General Yang-Mills Theory in Vacuum
In this section the Feynman rules for an arbitrary Yang-Mills theory is given. To find the rules in LGT one needs
to substitute the structure constant in equation (32) into the following equations.
The propagator for the ghost field reads
k
b a =
δab
k2
. (A.1)
The interaction between the ghost field and the gauge field reads
p
c
b
a = gf cbapµ, (A.2)
The propagator for the gauge field is
k
b, ν a, µ = −δ
ab
k2
[
gµν − (1− β) kµkν
k2
]
. (A.3)
Finally the two interaction vertices are
k
q
p
c, ρ
b, ν
a, µ = 2gf cba
[ (
kµ − qµ
)
gνρ + (pν − kν) gµρ +
(
qρ − pρ
)
gµν
]
, (A.4)
and
c, ρ
b, ν
d, σ
a, µ
= −ig2
[
f beafdec
(
gµρgνσ − gµσgνρ
)
+ f ceafedb
(
gµσgρν − gµνgρσ
)
+ fdeaf ceb
(
gµνgσρ − gµρgσν
) ]
.
(A.5)
Appendix B: The Matter Dependent Feynman Rules of LGT
Since the metric, its determinant and the Christoffel symbols are only background fields in LGT, and for the sake
of simplicity we choose a flat space-time background, i.e. < eiµ >= ηiµ and consequently eiµ = ηiµ + hiµ.
Fermion propagator reads
p
=
pµγ
µ +m
p2 −m2 . (B.1)
9The vertex diagram for interaction of the gauge field and fermions is given by
abλ =
g
2
η λl {γl, Sab} = −i
g
4
εkijµγkγ
5, (B.2)
where curly braces stand for anti-commutation divided by 2 and epsilon is the Levi-Civita symbol.
Up to this point, every Feynman rule has been the same as those in an arbitrary Yang-Mills theory. The following
Feynman diagrams are due to the tetrad postulate in LGT. The first is a propagator for the additional Grassmann
variables ciν
k
jν iµ =
ηµνηij
k2
, (B.3)
and a propagator for eiµ
k
jν iµ =
ηµνηij
k2
, (B.4)
and a propagarot for λiµ
k
jν iµ =
ηµνηij
k2
. (B.5)
The remaining interaction diagrams are
q
p
nσ
abλ
mρ = gηimδabij η
jnησρ
(
pλ + qλ
)
, (B.6)
where δabij =
1
2
(
δai δ
b
j − δaj δbi
)
, and
nσ
a1b1λ1
mρ
a2b2λ2
= −ig2ηimησρηknηjlηλ1λ2
(
δa1b1il δ
a2b2
jk + δ
a1b1
lk δ
a2b2
ij
)
, (B.7)
k
mρabλ = gη
imηjρδabij k
λ, (B.8)
a1b1λ1
mρ
a2b2λ2
= −ig2ηimηkρηjlηλ1λ2
(
δa1b1il δ
a2b2
jk + δ
a1b1
lk δ
a2b2
ij
)
, (B.9)
10
q
p
nσ
abλ
mρ = gηimδabij η
jnησρ
(
pλ + qλ
)
, (B.10)
nσ
a1b1λ1
mρ
a2b2λ2
= −ig2ηimησρηknηjlηλ1λ2
(
δa1b1il δ
a2b2
jk + δ
a1b1
lk δ
a2b2
ij
)
, (B.11)
q
p
mν =
i
2
γm (pν + qν) , (B.12)
mν
abλ
=
g
2
ηλν{γm, Sab}. (B.13)
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